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[57] ABSTRACT

A tunnel lining comprises a plurality of arcuate seg-
ments connected to one another by connecting ele-
ments. Each connecting element protrudes from one
segment and engages in a recess defined by an adjacent
segment. Each recess is considerably larger than the

connecting element and contains means for clamping
the connecting element to one wall of the recess.

10 Claims, 8 Drawing Figures
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TUNNEL.LINING; SEGMENT THEREFCRE AND
METHOD OF LINING A TUNNEL

BACKGROUND TO THE INVENTION

A first aspect of this invention relates to a tunnel
hining comprising a plurality of arcuate segments, a
number of which are assembled end-to-end to form a
ring which constitutes a part of the length of a tunnel
lining, each segment subtending at a longitudinal axis of
the lining a respective angle less than 360°, The inven-
tion also relates to a method of lining a tunnel with
pre-formed segments and to a segment for use in the
hnmg

It 1s a-common procedure, when boring a tunnel
through ground which is not constituted by rock, to line
the tunnel as it is bored with pre-formed concrete seg-
ments. A number of segments are assembled end-to-end
to form a complete, or a substantially complete annulus.
A key block may be interposed between two adjacent
segments of the ring. The number of segments provided
in a ring depends upon the diameter of the llnlng and 1s
typically five. |

Any gap which 1s present between the exterior of the
tunnel lining and the surface of the ground exposed by
the boring operation is usually filled with a settable
composition referred to in the art as grout. When set,
the grout contributes significantly to the stability of the
structure. However, it is necessary to ensure that rela-
tive movement of the assembled segments' does not
occur before the grout has set. Thus, it is usual to pro-
vide fastening elements for fastemng adjacent segments
to each other. | |

One difficulty which arises in the use of fastening
elements for fastening adjacent segments to each other
1s that exact alignment of adjacent segments with each
other is often impracticable. A number of arrangements
have been proposed for fastening adjacent segments
together but these previous proposals suffer from vari-
ous disadvantages. One object of the present invention
1s the provision of improved means for fastening to-
gether adjacent segments in a tunnel lining.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there 1is
provided a tunnel lining comprising a plurality of seg-
ments whereof at least some adjacent segments are
connected together by respective connecting elements,
each connecting element engaging in a recess defined
by a respective segment of the lining.

The size of the recess may be such relative to the size
of the connecting element that limited variations in the
relative positions of adjacent segments do not prevent
introduction of the connecting element into the recess.

Means may be provided for clamping the connecting
element in the recess.

Each segment is preferably formed mainly of c_emen-.

tittous material and said associated segment preferably
includes a non-cementitious body anchored in the ce-
mentitious material and defining a recess. The connect-
ing element also is preferably formed of non-cementi-
tious material, may be anchored in the cementitious
material of a further segment and lie in a recess defined
by the further segment and larger than the recess de-
fined by the non-cementitious body. With this arrange-
ment, that part of the non-cementitious body which
defines the smaller recess can be inserted into the larger

2

recess to introduce the connecting element into the

-smaller recess.

According to a second aspect of the invention, there
1s provided a segment for a tunnel lining, the segment
having a recess to receive a projection from another
segment when .the two segments are assembled to-
gether. The segment may comprise a cementitious part
and a non-cementitious part, the latter part defining the
recess. Additionally, or alternatively, clamping means

10 may be provided in the recess, the clamping means
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being operable to clamp the projection in the recess
when the two segments are assembled together.

According to a third aspect of the invention, there is
provided a method of lining a tunnel with curved seg-
ments, a plurality of which are assembled together to
form a lining, wherein there is provided on a first seg-
ment adjacent to one boundary thereof a connecting
element and there is defined in a second segment adja-
cent to one boundary thereof a recess and the segments
are arranged with said boundaries thereof adjacent to
each other and with the connecting element entering
into the recess.

Two examples of tunnel lining in accordance with the
invention will now be described with reference to the
accompanying drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS |

FIG. 1 shows a transverse cross section of a first
example of lining in accordance with the invention,

FIG. 2 shows a cross section on the line II—II of
FIG. i, | -

FIG. 3 shows on an enlarged scale certain parts
shown in FIG. 2,

FI1G. 4 shows a cross section on the line IV—IV of
FIG. 3,

FIG. 5 shows a cross section on the line V—V of
FIG. 3,

FIG. 6 is a view similar to FIG. 2 of the second exam-
ple of lining, |
- FIG. 7 shows on .an enlarged scale a fragmentary
cross section on the line VII—VII of FIG. 6, and |

FIG. 8 shows on the scale of FIG. 7 a fragmentary
cross section on the line VIII—VIII of FIG. 6.

DETAILED DESCRIPTION

The lining 1llustrated i FIGS. 1 to S of the accompa-
nying drawings comprises a plurality of rings, for exam-
ple the rings 10 and 11, which are identical with one
another and are arranged in mutually abutting relation
along the length of the tunnel. Each ring comprises a
number of arcuate segments, five in the particular exam-
ple shown. The ring 10 comprises the five segments 10a
and 10e, which form an almost complete annulus, and a
key block 13 disposed at the top of the lining between
the segments 104 and 10c. The ring 11 similarly com-
prises five arcuate segments and a key block, only parts
of the segments 11a, 116 and 1lc of this ring bemg
shown.

The segments have flat end surfaces which lie in
radical planes of the lining. The segments also have flat
side surfaces which lie in planes perpendicular to a
longitudinal axis 12 of the lining. Ideally, the end sur-
faces and side surfaces of the segments are in full face-
to-face contact with those of adjacent segments. In
practice, when the segments are assembled together,
there 1s often a certain amount of misalignment. For
example, abutting end surfaces of two adjacent seg-
ments may overlap with each other only partly.
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In the particular example illustrated, each segment of
the ring 10 is arranged alongside only one segment of
the ring 11 so that the end surfaces of that segment of
the ring 10 are-adjacent to the end surfaces of the corre-

sponding segment of the ring 11. Each segment is con-
nected to all of the four adjacent segments. Thus, the
segment 100 is connected to the segments 10a and 10c,

to the segment 115 and also to a segment of a further
ring, when such ring 1s assembled at the side of the ring
10 remote from the ring 11. For connecting the segment

10

106 to the segment 115, there is provided a single con-

necting element (not shown). A corresponding single
connecting element is provided for connecting the seg-
ment 106 to the corresponding segment of the other

adjacent ring. For connecting the segment 106 to the

segment 10c¢ there are provided two connecting ele-
ments 18 and 19 respectively and a further two connect-
ing elements 20 and 21 are provided for connecting the
segment 105 to the 10a. All of the connecting elements
have the same form, that is a bar having a dove-tail
cross section. All of the connecting elements are ar-
ranged in the same manner and therefore the arrange-
ment of the connectmg element 18 enly w111 be de-
scribed. | | -

The connecting element 18 is formed of steel and 18
rigidly secured to a pair of rods 22 which extend from
the smaller face of the connecting element and are per-
pendicular thereto. Each of the segments of the lining is
formed mainly of cementitious material and the rods 22
are embedded in the cementitious material of the seg-
ment 105 to anchor the connecting element thereto. The
connecting element is disposed in a recess formed in an
end face of the segment 105, this recess extending com-
pletely across the end face of the segment from the
internal surface of the lining to the external surface
thereof. Between the internal surface of the lining and
the connecting element 18 the recess 23 has a deeper
portion 24. |

The segment 10c comprises a main part 25 formed of
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cementitious material and two bodies formed of steel, 40

each of these bodies being partly embedded in the ce-
mentitious material and partly projecting from an end
face of the segment presented towards the segment 105.
These bodies are identical with each other and accord-
ingly only one of the bodies, identified by the reference
numeral 26, will be described.' The body 26 defines a
recess to receive the. eennecting clement 18. The other

19.

As viewed in FIG. 4, that is in cross section in a plane
which is perpendicular to the longitudinal axis of the
lining, the body 26 is approximately U-shaped having a
flat base 28, a shorter limb 29 which is undercut and
includes with the base an acute angle, and a longer limb
30 which is perpendicular to the base. The body also
includes two rods rigidly secured to the base 28 and
extending therefrom in a direction away from the recess
defined by the body. These rods and the base itself are
embedded in the cementitious part 25 of the segment
with the limbs 29 and 30 pro_jectmg from the end face of
the cementitious. part.

For clamping the connecting element 18 in the recess
defined by the body 26, there is provided a clamping
element in the form of a grub screw 31 which extends
through a screw threaded bore formed in the limb 30
into the recess defined by the body 26. The clamping

body defines a recess te receive the connecting element
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element can be screwed towards and away from the

limb 29. Prior t0 assembly of the segments with one

4

another, the screw 31 is pOSIthl‘led with its tip Just pene-
trating into the recess. |

The dimension of the body 26 which extends parallel
to the axis 12 of the lining is no greater than one-third of
the corresponding dimension of the recess 23. Accord-
ingly,. it is possible to place the segment 10c on the
segment 106 with' the segment 10c spaced somewhat
from the segment Ilc whilst the segment 105 is in
contact with the segment 115. The connecting element
18 can be inserted into the recess defined by the body 26
and the connecting element 19 can be inserted into the
corresponding recess and the bodies then moved across
these recesses until the segment 10¢ engages the seg-
ment 11c. In this way, a connecting element on the
segment 10c i1s inserted into a recess presented by the
segment 11c¢. Each of the three connecting elements can
then be clamped in the corresponding recess by opera-
tion of the appropriate grub screw. It will be seen that
the limb 30 of the body 26 is disposed within the deeper
portion 24 of the recess in the segment 1056 and that
although the grub screw is spaced radially outwardly
somewhat from the internal surface of the lining, the
grub screw 1is accessible to be driven by a suitable tool.
Tightening of the grub screw drives the connecting
element 18 against the undercut limb 29 so that the
eonneetmg element cannot subsequently move out of its
recess in the body 26.

As shown in FIG. 4, the recess defined by the body
26 has an open mouth which faces circumferentially of
the lining and through which the connecting element 18
extends into the recess. The limb 29 and the grub screw
31 are both undercut so that they define between them
a gap which diverges in a direction away from the
mouth of the recess and which can be adjusted by driv-
ing the screw 31 into or out of the recess. It can be seen
from FI1G. 4 that, when the connecting element 18 has
been introduced into the recess defined by the body 28,
the screw 31 can be driven into the recess to make the
connecting element 18 captive in the recess. The surface
of the limb 29 and the surface of the screw 31 which
engaged the connecting element 18 are both inclined to
a plane containing the longitudinal axis of the lining and
mtersecting these surfaces.

If some degree of freedom for limited movement of
adjacent segments is required, the grub screws may be
tightened sufficiently to prevent the connecting ele-
ments being withdrawn from their respective recesses
but not so tightly as to prevent all relative movement of
each connecting element and the body in whleh it 1s
received.

The lining illustrated in FIGS. 6, 7 and 8 also com-
prises a plurality of rings, each having five arcuate seg-
ments and a key block. Parts of this lining which corre-
spond to parts of the lining hereinbefore described with
reference to FIGS. 1 to 5 are indicated in FIGS. 6 to 8
by like reference numerals with the prefix 1 and the
preceding description is deemed to apply except for the
differences hereinafter mentioned.

The connecting elements of the lining illustrated in
FIGS. 6 to 8, two of which are indicated by the refer-
ence numerals 117 and 118, all have the form of a rect-
angular plate having a length approximately three times
its width. As seen in FIGS. 6 and 7, a part of the element
117 1s disposed in a recess in the segment 111 and a
further part of the connecting element which projects
from the segment 1115 is received in a recess 122 in the
segment 1106. The recess in the segment 1115 has a size
and shape such that the connecting element is a close
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sliding fit 1n the recess. The element can be inserted into
the recess by hand pressure but, once fully inserted is
constrained against movement relative to the segment
1116 other than withdrawal from the recess in a direc-
tion along the length of the element. As can be seen
from FIGS. 6 and 7, when the element 17 is disposed in
its recess in the segment 1115 the element is inclined to
the adjacent side surface 116 of the segment at an acute
angle 1in each of two directions. Thus, the connecting
element 1s inclined to the axis of the rings 10 and 11 in
such a manner that the projecting part of the element
lies further from that axis than does the part of the
element received in the recess of segment 1115, Also,
the projecting part of the element 17 is spaced further
from the segment 10c than the part of the element re-
ceived in the segment 1115 1s spaced from the segment
111c. It will be understood that this inclination of the
element 117 and 1ts recess in the segment 1115 prevents
the element being withdrawn from that recess by move-
ment in a direction parallel to the axis of the rings 110
and 111.

The recess 122 has a size and shape such that, when
the corresponding part of the element 117 is fully in-
serted into the recess 122, there is freedom for limited
relative movement of the connecting element and seg-
ment 1106 both in a direction towards and away from

the axis of the rings and in a direction around that axis,
these directions being substantially perpendicular to the

direction of relative movement during insertion of the
element 117 into the recess 122 and also substantially
perpendicular to each other. Within the recess 122 there
1s disposed a clamping element in the form of a socket
screw 123 for clamping the connecting element 117
against a radially outermost wall of the recess. A screw
threaded shank of the screw 123 is in threaded engage-
ment with a retaining plate 124 also disposed within the
recess 122 and lying against a radially outwardly facing
wall thereof. A head of the screw 123 is disposed within
a cylindrical branch 125 of the recess, which branch
emerges at the radially inwardly facing surface of the
segment 1106.

The screw 123 can be driven towards the connecting
element 117 by means of a suitable tool inserted into the
branch 125 from the interior of the ring 110 and en-
gaged with the head of the screw. It will be noted that
the branch 125 presents a relatively small aperture at the
interior of the ring 110 and this aperture can readily be
plugged after assembly of the lining. In the assembled
lining, the screw 123 holds the connecting element 117
against the radially outermost wall of the recess 122. It
will be noted that the face of this wall is inclined to the
ax1s of the rings 110 and 111 in such a manner that the
element cannot be withdrawn from the socket 122 by
relative movement of the element and segment 1105 in
the axial direction. Relative movement of the connect-
ing element and segment 1105 in a tangential direction is
inhibited by friction between the element 117 on the one
hand and the clamping screw 123 and wall of the recess
122 on the other hand.

The connecting elements 118 and 119 are arranged in
a similar manner to the connecting element 117. The
clements 118 and 119 are each received partly in a re-
spective recess in the segment 110¢ and these recesses
are both inclined at an acute angle to the tangent to the
ring 110 at the end surface 115 of the segment 110b.
Thus, as shown in FIG. 8, those parts of the elements
118 and 119 which project from the segment 110c¢ lie
further from the axis of the rings 110 and 111 than do
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the parts received in the segment 110c. The elements
118 and 119 are also inclined to the tangent in directions
along the lining so that the projecting parts of the ele-
ments and 119 are spaced further from each other than
are those parts of the elements which are received in the
segment 110c. Neither of these connecting elements can
be withdrawn from its respective recess in the segment
110c¢ by relative movement along the adjacent tangent.
Those parts of the element 118 and 119 which project
from the segment 110c are recetved in respective reces-
ses 126 and 127 which are sufficiently large to provide
for limited movement of the segment 1105 relative to
the elements 118 and 119 after these elements have been
received 1n the recesses 126 and 127. In the recesses 126
and 127, there are provided clamping screws similar to
the clamping screw 123. These clamping screws also
are accessible from the inside of the ring 110 and can be
driven, by means of a suitable tool, in a generally out-
ward direction to clamp the elements 118 and 119
against radially outermost walls of the recesses 126 and
127 respectively.

The connecting elements 120 and 121 are arranged in
the same manner as the elements 118 and 119, with the
exception that the elements 120 and 121 are received in
recesses 1n the segment 1106 within which they are a
close sliding fit. Those parts of the elements 120 and 121
which project from the segment 1105 are received in
and clamped in somewhat larger recesses formed in the
segment 110a. The connecting element at the side sur-
face 116 of the segment 11056 which is remote from the
segment 1116 is arranged in the same manner as is the
element 117, with the exception that this further ele-
ment 1s received in a recess in the segment 1106 within
which it is a close sliding fit.

The segments of the hining illustrated in FIGS. 6 to 8
are formed of concrete by a casting process, suitable
cores being provided in the mould to form the recesses
for receiving the connecting elements. The clamping
screws 123 and associated plates 124 are fitted in the
larger recesses subsequently. This may be done either
before or after transportation of the segments to the site
at which they are to be used. The connecting elements
are not fitted into recesses in the segments until the
latter have been assembled in position in the tunnel.
This avoids the risk of damage being caused to the
connecting elements during transport of the segments
and movement of the segments into the required posi-
tions in the tunnel.

A segment, for example the segment 1105 is prepared
to recetve a further segment adjacent to one of its ends,
for example the segment 110z by placing two connect-
ing elements in the recesses at the appropriate end sur-
face of the segment 1105. The segment 110q is then
fitted over the projecting parts of the connecting ele-
ments so that these are received in the appropriate re-
cesses. It will be noted that exact alignment of the seg-
ment 110c with the segment 1106 is not necessary,
owing to the relatively large size of the recesses in
which the projecting parts of the connecting elements
are received. A part of a connecting element which
projects from the ring 111 is received in a recess in a
side face of the segment 110a again with a substantial
clearance. After the segment 110a has been placed in
position, the parts of the connecting elements received
therein are clamped in the corresponding recesses. This
tends to displace the segment 110¢ in a direction
towards the axis of the rings. The plates 124 are tapered

‘in a direction towards the open mouth of the corre-
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sponding recesses so that these plates do not obstruct
entry of the connecting elements into the recesses.

For connecting the segment 113 to the segment 1115
and each other segment of the ring 110 to the ring 111,
there may be provided two connecting elements ar-
ranged as the elements 118 and 119, instead of the single
element 117. |

In both examples of lining hereinbefore described, the
recesses in which the connecting elements are received

with substantial clearance are preferably sufficiently
large to enable the connecting elements to enter the
recesses when there 1s misalignment between the corre-
sponding segments of an amount up to the correspond-
ing dimension of the connecting element concerned.
Thus, the misalignment in the direction of the thickness
of a connecting element may be equal to that thickness
and the misalignment in a direction of the width of a
connecting element may be as great as that width.

The relative sizes of the connecting elements and
recesses in which they are received are preferably such
that it 1s possible to assemble the segments and connect-
ing elements to form the lining whilst adjacent segments
are out of exact alignment by a distance exceeding
1/240 of the inside diameter of the lining and more
preferably exceeding 1/120 of the inside diameter of the
lining. The relative sizes of the connecting elements and
recesses may be such that it 1s possible to assemble the
segments and connecting elements to form the lining
whilst adjacent segments are out of exact alignment by
a distance up to 10 mm.

Assembly of the lining 1s facilitated by the tolerance
of the arrangement to misalignment at the stage when
segments are positioned adjacent to each other. After
the connecting elements have been received in their
respective recesses, the clamping means are tightened
and the relative positions of the segments are adjusted as
necessary to reduce the degree of misalignment to an
acceptable level. During such adjustment, the connect-
ing elements contribute to the stability of the structure
by substantially eliminating the risk of excessive relative
movement of adjacent segments.

After the segments have been properly aligned and
the clamping means tightened, grout is applied to the
exterior of the lining to fill any gap between the lining
and the periphery of the tunnel and grout is also applied
internally to fill at least parts of the recesses adjacent to
the internal face of the lining and provide a smooth
internal surface on the lining.

I claim: |

1. A segment for a tunnel lining, the segment having
a projection and a recess to receive the projection from
another identical segment when the two segments are
assembled together, wherein the segment defines an
open mouth of the recess, the segment has a surface
which extends from said mouth to define one boundary
of the recess, the segment has a clamping element which
1S movable into the recess towards said surface from an
opposite boundary of the recess and said surface and the
clamping element are undercut to define between them
an adjustable gap which diverges in a direction away
from the mouth of the recess.

2. A method of lining a tunnel with curved segments,
a plurality of which are assembled together to form a
lining, wherein there is provided on a first segment
adjacent to one boundary thereof a connecting element,
there 1s defined in a second segment adjacent to one
boundary thereof a recess, the second segment is pro-
vided with a clamping element for clamping the con-
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necting element in the recess the segments are arranged
with said boundaries thereof adjacent to each other and
with the connecting element entering into the recess
and, while the connecting element is disposed in the
recess, the relative position of the first and second seg-
ments 15 adjusted in a direction along the lining and in a

direction transverse to a longitudinal axis of the lining
and the connecting element 1s clamped in the recess.
3. A method according to claim 2 wherein, after the

connecting element has entered the récess, the connect-
ing element 1s made captive in the recess by operation of
the clamping element and the position of one segment
relative to the other is then adjusted in a direction radi-
ally of the lining by operation of the clamping element.

4. A tunnel lining comprising a plurality of segments
wherein one of said segments has a connecting element
which is fixed with respect to the one segment, a part of
the connecting element engages in a recess defined by
surfaces of an adjacent segment and wherein the extent
of said part of the connecting element in a direction
along the lining exceeds the corresponding extent of the
recess., |

3. A hning according to claim 4 wherein.said adjacent
segment includes a body having an approximately ‘U’
shaped cross section in a plane perpendicular to the axis
of the lining and having an open mouth facing towards
the segment from which the connecting element
projects and wherein said body defines said recess.

6. A tunnel lining comprising a plurality of segments
whereof at least some adjacent segments are connected
together by respective connecting elements, each con-
necting element engages in a recess defined by surfaces
of an associated segment of the lining and further com-
prising, for each connecting element a respective
clamping element which is operable after the connect-
ing element has been introduced into the recess for
displacing the connecting element relative to said seg-
ment 1n a first direction and maintaining the connecting
element in engagement with a boundary of the recess
furthest from the axis of the lining wherein said bound-
ary of the recess furthest from the axis of the lining is
inclined to a plane containing that axis and intersecting
said boundary and the connecting element is clamped
against said boundary by the clamping element.

7. A curved segment for use in a tunnel lining, the
segment having a connecting element, a recess to re-
ceive the connecting element of another identical seg-
ment when the two segments are assembled together
and a clamping element movable into the recess
towards a boundary of the recess for clamping the con-
necting element of the other segment against said
boundary, wherein means is provided for guiding the
clamping element for movement towards said boundary
in a direction away from an axis of the lining when the
segment 1S used in said lining.

8. A tunnel lining according to claim 4 wherein said
adjacent segment defines open ends of the recess facing
along an axis of the lining and wherein said connecting
element protrudes from at least one of said open ends.

9. A method of lining a tunnel with curved segments,
a plurality of which are assembled together to form a
lining, wherein there is provided on a first segment
adjacent to one boundary thereof a connecting element,
there 1s defined in a second segment adjacent to one
oboundary thereof a recess, the segments are arranged
with said boundaries thereof adjacent to each other and
with the connecting element entering into the recess,
opposite faces of the connecting element are engaged



4,318,636

9

by respective undercut formations in the recess and the
relative position of said segments is adjusted while said
opposite faces are so engaged. |

10. A method of lining a tunnel with curved segments

wherein

(a) there 1s provided on one of a first and second of
sald segments adjacent to one boundary thereof, a
connecting element which is rigid with respect to
sald one segment; 10

(b) there i1s defined in the other of the first and second
segments, adjacent to one boundary thereof, a re-
cess;

(¢) a number of further segments are assembled to-
gether to form a first ring defining an axis of the 15
lining;

(d) said first segment is assembled with said first ring
to form a part of a second ring;
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(e) said second segment is moved to a position adja-
cent to said first ring and to insert said connecting
element in said recess:

(f) while said connecting element is in said recess, the
second segment 1s moved axially along the lining
upto said first ring;

(g) said connecting element is driven relative to said
other segment in a direction away from said axis
into engagement with a radially inwardly facing
boundary of the recess, thereby effecting radial
adjustment of said second segment relative to said
first segment; and

(h) said connecting element is clamped against said
boundary of the recess sufficiently firmly to re-
strain axial, radial and circumferential displace-
ment of the second segment relative to the first

segment.
% 3 % ] 3
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